Abstract Human plasma contains two forms of phospholipid transfer protein (PLTP), one catalytically active [highactivity PLTP (HA-PLTP)] and the other a low-activity (LA-PLTP) form. We present here a PLTP ELISA that allows not only for accurate measurement of PLTP concentration in plasma but also of the distribution of both LA-and HA-PLTP. To achieve similar immunoreactivity of the two PLTP forms, a denaturing sample pretreatment with 0.5% SDS was required. Distribution of LA-and HA-PLTP in plasma was assessed using size-exclusion chromatography, Heparin-Sepharose chromatography, anti-PLTP immunoaffinity chromatography, and dextran sulfate-CaCl 2 precipitation. All four methods demonstrated that ‫ف‬ 60% of plasma PLTP represents LA-PLTP and 40% represents HA-PLTP. According to the modified ELISA, the total serum PLTP concentration in a random Finnish population sample (n ‫؍‬ 80) was 5.81 ؎ 1.33 mg/l (mean ؎ SD) (range, 2.78-10.06 mg/l) and the mean activity was 5.84 ؎ 1.39 mol/ml/h (range, 3.21-11.15 mol/ml/h).
In vitro studies have identified a number of functions for phospholipid transfer protein (PLTP) in lipoprotein metabolism (1, 2) . These include the transfer of phospholipids (PLs), diacylglycerol, free cholesterol, vitamin E, and lipopolysaccharide between lipoproteins and cells.
Other in vitro functions demonstrated are proteolysis of apolipoprotein A-I (apoA-I) (3), HDL interconversion (4, 5) , and the stimulation of LCAT and cholesteryl ester transfer protein activity (6) .
Studies in genetically manipulated mice with altered PLTP expression have advanced our understanding of the metabolic functions of PLTP (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . PLTP has three major functions in HDL metabolism: it transfers surface remnants from VLDL to HDL during lipolysis (7) , it increases the catabolism of HDL and the generation of pre-␤ -HDL, and it stimulates cellular cholesterol/PL efflux (9) (10) (11) (12) . PLTP has also been shown to play a role in the secretion of apoB-containing lipoproteins (15, 17, 18) .
Although the in vitro role of PLTP in gene-targeted animal models has been studied intensively, the physiological role of PLTP in human lipid metabolism is far from resolved. To obtain information about the role of PLTP in human metabolism, one approach has been to assess PLTP activity under different physiological conditions (19) (20) (21) (22) . Moreover, to gain a more complete understanding of the metabolic role of PLTP, its mass in plasma should also be recorded (23) (24) (25) (26) . To date, three different methods to assay plasma PLTP mass have been reported, with conflicting results (23) (24) (25) . A possible reason for the discrepancies may be differences in the immunoreactivity of the antibodies used, as reported by Murdoch et al. (27) , and the presence of two forms of PLTP in the circulation (28, 29) . The two forms, one catalytically active [high-activity PLTP (HA-PLTP)] and the other low-activity (LA-PLTP), are associated with distinct macromolecular complexes of different size and eventually display different immunochemical reactivities. The observation that PLTP mass and activity in human plasma do not correlate (24, 25) further suggests differences in the reactivity of antibodies to HA-PLTP versus LA-PLTP. Only in one study was a significant correlation between PLTP mass and activity observed (23) .
To resolve these discrepancies, we undertook to reassess our ELISA method. We now report that by including a denaturing pretreatment of the samples with SDS, it is possible to reliably measure the mass of both forms of plasma PLTP.
MATERIALS AND METHODS

Collection of human plasma for PLTP purification
Human plasma was obtained by plasmapheresis. The protease inhibitors, Trasylol (50 U/ml), dichloroisocoumarin (DCIC, 0.4 mM), E-64 (1 mM), 3-amidinophenylmethanesulfonyl fluoride (APMSF, 1 mM), and leupeptin (10 M) were immediately added to the plasma.
Subjects
For PLTP analysis, serum samples from 80 subjects (age range, 25-75 years) were randomly chosen as a subsample of the Health 2000 Health Examination Survey study (30) carried out in Finland. Serum samples were stored at Ϫ 70 Њ C before PLTP analysis.
Treatment of human plasma with detergents
The detergents used were cationic cetyltrimethylammonium bromide [CTAB; critical micellar concentration (CMC) 0.03%; Merck], anionic SDS (CMC 0.3%; BDH), zwitterionic CHAPS (CMC 0.5%; Sigma), nonionic n -octyl-␤ -d -glucopyranoside (OG; CMC 0.1%; Sigma), and polyoxyethylene sorbitan monolaurate (Tween 20; CMC 0.007%; Fluka). The effect of the detergents on the immunoreactivity of PLTP was determined by the ELISA method as follows. Normolipidemic human plasma (50 l) was mixed with an appropriate amount of the detergent. All detergents were tested at three concentrations: at their CMC, at 0.1% (v/v), and at 0.5% (v/v). Plasma-detergent mixtures were incubated for 30 min at 22 Њ C and then diluted 1:50 with PBS. The dilutions (200 l) were added in duplicate to microtiter plate wells coated with the anti-human PLTP monoclonal antibody (MAb) JH66, and all subsequent steps were performed according to the PLTP ELISA method described previously (24) . Control wells with detergents but without plasma were incubated to assess background values. The resulting absorbances with different detergents were compared with the control plasma sample without any detergent, the immunoreactivity of which was set at 100%.
Purification of the HA and LA forms of human plasma PLTP
The two forms of PLTP, HA-PLTP and LA-PLTP, were isolated as described (29) .
Production and isolation of recombinant PLTP
A hexahistidine tag was engineered into the C-terminal end of full-length human PLTP cDNA using PCR. The cDNA was transferred into the baculovirus expression vector pVL1393 (Pharmingen), and virus stocks and recombinant PLTP (r-PLTP) were produced as described previously (31, 32) .
Recombinant PLTP (r-PLTP) was purified using two chromatographic steps: hydroxylapatite chromatography (Bio-Gel HTP; Bio-Rad) and nickel-nitrilotriacetic acid (Ni-NTA) agarose Superflow Agarose chromatography (Qiagen). Briefly, 100 ml of the r-PLTP-containing Sf9 cell growth medium was applied onto a hydroxylapatite column (20 ml) equilibrated with 1 mM sodium phosphate buffer, pH 6.8, and 150 mM NaCl, at a flow rate of 1 ml/min. After extensive washing with the same buffer, the bound material was eluted with 75 mM sodium phosphate buffer, pH 6.8, containing 150 mM NaCl, and 2 ml fractions were collected. The fractions containing PLTP activity were combined and, after addition of NaCl to a final concentration of 0.3 M, applied to Ni-NTA Superflow Agarose. After this, the column was washed with 50 mM sodium phosphate buffer, pH 8.0, containing 0.3 M NaCl, 1 mM imidazole, and 0.5% Tween 20. A second wash was performed with the same buffer without imidazole. Finally, the bound protein was eluted with 50 mM sodium phosphate buffer, pH 8.0, containing 250 mM imidazole, 0.3 M NaCl, and 0.1% Tween 20. The eluted material was analyzed for PLTP activity and mass and was immediately used as a primary calibrator to standardize the ELISA method. The purified r-PLTP was stored in small aliquots at Ϫ 70 Њ C.
Calibration of the ELISA and determination of PLTP concentration in human plasma
Calibration of the ELISA and measurement of human plasma PLTP concentration were performed essentially as described earlier (24) , but with modifications in sample treatment and using another MAb, JH66. For the primary standardization, r-PLTP, as well as HA-PLTP purified from human plasma (24) , were incubated with 0.5% SDS for 30 min at 22 Њ C. After the SDS pretreatment, the mixtures were diluted in sample buffer (0.1% Tween 20 in PBS) and appropriate amounts of the calibrators were added in duplicate wells in a total volume of 200 l (the final SDS concentration being 0.02%). The amounts used were 0, 25, 50, 75, and 100 ng/ml. To create a secondary standard calibration curve, human plasma was incubated with 0.5% SDS for 30 min and thereafter diluted 1:20, 1:40, 1:80, and 1:160 in sample buffer, and 200 l of the dilutions was added to duplicate wells. All calibration assays were repeated six times, and the PLTP concentration in the secondary standard was determined as an average of these repetitions. The other ELISA steps were performed as described (24) .
Preparation of antibodies
The MAb and polyclonal antibodies against PLTP were produced and isolated as previously described (24) . As judged from a molecular model (33) , the epitope region of the MAb JH66 is located on the surface of PLTP and is well exposed (amino acids 225-235) (34) . The specificity of the antibodies was confirmed by SDS-PAGE and Western blotting.
Assay of PLTP activity
PLTP activity was measured using the radiometric assay described by Damen, Regts, and Scherphof (35) with minor modifications (4).
Size-exclusion chromatography of human plasma
Fresh human plasma (1 ml) was subjected to a fast-performance liquid chromatography system containing two Superose 6HR 10/30 size-exclusion chromatography columns (Amersham Pharmacia Biotech) connected in tandem. The columns were equilibrated with Tris-buffered saline (10 mM Tris-HCl and 154 mM NaCl, pH 7.4). Chromatography was performed at a flow rate of 0.5 ml/min, and 0.5 ml fractions were collected and used for PLTP activity and mass analyses.
Heparin-Sepharose chromatography of human plasma
Fresh human plasma sample (1 ml) was applied onto a 1 ml Hi-Trap Heparin-Sepharose column (Amersham Pharmacia Biotech) at a flow rate of 1 ml/min at room temperature. The column was previously equilibrated with 25 mM Tris-HCl, pH 7.4, containing 1 mM EDTA. The column was washed with the equilibrating buffer, after which bound proteins were eluted with 1 M NaCl. The fractions were analyzed for PLTP activity and mass.
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Immunoaffinity chromatography
Anti-PLTP MAb JH66 was coupled to cyanogen bromide-activated (CNBr) Sepharose 4B as described (29) . The anti-PLTP column (1 ϫ 3 cm) was equilibrated with PBS and then with PBS containing 0.2% Tween 20. A plasma sample (1 ml) was applied to the column at a flow rate of 0.5 ml/min, and the nonbound material was eluted. The protein that had bound to the antibody column was eluted with 0.1 M glycine and 0.2% Tween 20, pH 2.5, and fractions (1 ml) were collected into tubes containing 1 M Tris-HCl, pH 8.5, for neutralization. The fractions were analyzed for PLTP activity and mass.
Precipitation of plasma with dextran sulfate-CaCl 2
Plasma samples were treated with dextran sulfate-CaCl 2 using the method of Kato et al. (36) with minor modifications. Briefly, 200 l of plasma was mixed with 300 l of water and 200 l of 1% dextran sulfate sodium salt (dextran molecular weight ‫ف‬ 500,000; Amersham Pharmacia Biotech, code No. 17-0340-02; dialyzed against water before use). The mixture was incubated on ice for 20 min with intermittent mixing. After this, CaCl 2 was added to a final concentration of 0.1 M. The mixture was then centrifuged (16,000 g ) for 5 min at room temperature, and the clear supernatants were collected and assayed for PLTP activity and mass. NaCl was added to the supernatants to a final concentration of 1 M before the PLTP activity assays.
General procedures
SDS-PAGE was performed by the method of Laemmli (37), followed by Coomassie staining or Western blotting (38) and enhanced chemiluminescence detection. Gels were scanned and the images quantitated using a Kodak scanner. Protein concentration was determined by the method of Lowry et al. (39) or by using the CBQCA Protein Quantitation Kit (Molecular Probes) with BSA as a standard.
Statistical analysis
Statistical testing was performed using the Statistical Package for Social Sciences (SPSS) version 11.5 (SPSS, Chicago, IL). The correlations between PLTP activity and HA and/or LA mass were performed with the Pearson correlation test using unadjusted values.
RESULTS
Effect of detergents on the immunoreactivity of PLTP
The two forms of PLTP, LA-PLTP and HA-PLTP, were isolated from human plasma (29) . They were then quantitated using the conventional ELISA assay (24) . To study whether the two forms have different reactivity in the ELISA assay, similar amounts (40 ng as determined by ELISA of HA-PLTP and LA-PLTP) were subjected to SDS-PAGE, transferred to a nitrocellulose filter, and immunoblotted ( Fig. 1A ) . Semiquantitative scanning of the gels revealed that the intensity of HA-PLTP was ‫ف‬ 3-fold stronger (162,110 pixels) than that of LA-PLTP (54,030 pixels). Assuming that the Western blot gives an accurate measure of PLTP mass, this result suggests that the immunoreactivity of HA-PLTP in the ELISA is underestimated compared with that of LA-PLTP and suggests that a denaturation step before antibody binding may improve the detectability of the protein, especially that of the active form. Therefore, we decided to evaluate if pretreatment with a denaturant could improve the reactivity of human PLTP also in the ELISA method. The effects of five detergents on the immunoreactivity of human plasma PLTP were evaluated. They included anionic (SDS), cationic (CTAB), nonionic (OG and Tween 20), and zwitterionic (CHAPS) species. All detergents were assayed at CMC, 0.1%, and 0.5% concentrations. The evaluation was carried out using the previously described ELISA method (24) .
The results ( Table 1 ) indicate that, of the detergents tested, the negatively charged SDS caused the largest increase in the immunoreactivity of plasma PLTP. When plasma was treated with 0.5% SDS before the assay, the immunoreactivity increased 4-fold compared with plasma assayed without any detergent pretreatment. Higher SDS concentrations did not result in higher reactivity (data not shown). The other detergents tested had a deleterious effect (CTAB), no effect at all (OG and CHAPS), or caused only a slight increase of immunoreactivity (Tween 20). Based on these observations, we decided to repeat the calibration of our ELISA method by incorporating a pretreatment of the samples with 0.5% SDS.
Development of a denaturing ELISA for determination of PLTP mass
For calibration of the ELISA, r-PLTP produced in the baculovirus protein expression system was used (32) . The purified r-PLTP, when subjected to SDS-PAGE and visualized by silver staining, showed one major 76 kDa protein band, which represented more than 95% of total protein in the preparation as determined by scanning of the gel. The purified PLTP preparations typically contained 80-100 mg/l r-PLTP protein.
To obtain a standard curve for the PLTP ELISA, the primary standards, r-PLTP and PLTP purified from plasma, were treated with 0.5% SDS for 30 min at 22 Њ C and were thereafter used to create standard curves in the range of 25-100 ng PLTP/ml. As shown in Fig. 2 , the ELISA is linear over the entire range used and is suitable for the quantification of PLTP levels as low as 0.0125 mg/l. Between runs (n ϭ 3), each primary standard value differed on average 4.3% from the mean value. When the primary standard r-PLTP protein was compared with PLTP protein purified from human plasma or with the secondary calibrator plasma, similar calibration curves were obtained (Fig. 2) . To study whether serum interferes with the measurement of either HA-PLTP or LA-PLTP, we added increasing amounts of each PLTP form to serum before ELISA measurement. The mean recoveries of added PLTP were 109% for LA-PLTP and 90% for HA-PLTP, indicating that serum does not interfere with the measurement of either one.
Having calibrated the ELISA, we established a secondary standard using a normolipidemic plasma sample from a healthy male volunteer. When analyzed after SDS treatment using different plasma dilutions (1:20, 1:40, and 1:80), the mean PLTP mass in our secondary standard was 5.9 mg/l. To obtain a standard curve, the secondary standard was pretreated with 0.5% SDS and diluted to cover the PLTP mass range from 25 to 200 ng PLTP protein/ml. The slope of the secondary standard curve did not differ significantly from the slope of the curve obtained with the primary standard ( Fig. 3 ) . To avoid the potential nonlinearity caused by very low or high absorbance, PLTP concentrations in plasma samples were measured using two dilutions (1:40 and 1:80). The intra-and inter-assay variations were 8% and 13%, respectively.
Use of the ELISA to determine total PLTP concentration in serum
Having established the ELISA method, PLTP concentrations were determined in human serum samples obtained from 80 randomly selected individuals. The mean PLTP mass in the subjects was 5.81 Ϯ 1.33 mg/l (mean Ϯ SD) (range, 2.78-10.06 mg/l), and the mean activity was 5.84 Ϯ 1.39 mol/ml/h (range, 3.21-11.15 mol/ml/h). In contrast to the previously reported ELISA method (24) , the present assay revealed a weak, yet significant, correlation ( r ϭ 0.345, P Ͻ 0.01) between total serum PLTP activity and mass.
Measurement of the HA and LA forms of plasma PLTP
To be able to study the reactivity of the two forms of plasma PLTP using the new ELISA assay and their proportions in plasma, separation of LA-PLTP and HA-PLTP was necessary. We first applied size-exclusion chromatography (28) to separate the two forms of PLTP ( Fig. 4 ) . The differences in the reactivity of antibodies to HA-versus LA-PLTP using this chromatographic method have been dem- ] used for calibration of the ELISA were incubated with 0.5% SDS for 30 min at 22ЊC. Dilutions were performed (0.1% Tween 20 in PBS) to obtain the standard curve in the range of 25-100 ng PLTP protein/ml. The ELISA assays were per formed as described in Materials and Methods. MAb JH66 was used as the capture antibody, and polyclonal antibody R176 was used for detection. The cur ves are representative of three independent measurements. The ϮSD of the secondary calibrator, plasma, is displayed. A 490 , absorbance at 490 nm. Fig. 3 . Reproducibility of the PLTP ELISA. To study the reproducibility of the assay, plasma was treated with 0.5% SDS and thereafter subjected to ELISA as described in Materials and Methods. Between runs (n ϭ 8), each standard point differed by an average of 8.25% from the mean value. (27) . As previously described (29) , PLTP activity eluted in fractions corresponding to the elution position of 160 kDa. When the previous nondenaturing ELISA was used, practically all of the detectable PLTP mass eluted in the position of LA-PLTP. However, after pretreatment of the fractions with SDS, it was evident that PLTP mass could also be reliably measured in the fractions displaying PLTP activity (35% HA-PLTP, 65% LA-PLTP). The data clearly support the recent suggestion (27) that different reactivities of anti-PLTP antibodies to HA-and LA-PLTP occur when they are in their native conformation . In addition to size-exclusion chromatography, LA-and HA-PLTP forms can be separated by Heparin-Sepharose affinity chromatography (29) . To verify that our new modified ELISA accurately measures both forms of PLTP in plasma, we performed repeated plasma runs on HeparinSepharose affinity chromatography and measured PLTP mass from the unbound and bound fractions ( Fig. 5 ) . It is evident that, of the PLTP mass applied on the HeparinSepharose column, ‫ف‬ 50% is not retained by the matrix, representing LA-PLTP, and ‫ف‬ 40% of the mass is bound. As more than 95% of the PLTP activity applied is bound (data not shown), the bound fractions represent the HA form of PLTP. The separation of the two forms of PLTP by Heparin-Sepharose affinity chromatography was reproducible as evaluated by repeated plasma runs. When the mass of LA-PLTP and HA-PLTP, separated by HeparinSepharose affinity chromatography, was assayed using the new modified ELISA and a calculated 40 ng of each was subjected to SDS-PAGE and Western blot analysis, scanning of the blots revealed that the intensities of LA-PLTP (28,760 pixels) and HA-PLTP (35,500 pixels) were similar (Fig. 1B) . This experiment suggests that our modified ELISA measures both forms of plasma PLTP equally.
To further verify the new ELISA method and to study the immunoreactivity of the MAb JH66 antibody to the two forms of plasma PLTP, we performed immunoaffinity chromatography of plasma on Sepharose containing covalently linked MAb JH66. It was revealed that HA-PLTP does not bind to the antibody matrix, whereas LA-PLTP bound and could be eluted by a low-pH buffer ( Fig. 6 ). Of the PLTP activity applied to the immunoaffinity column, none was retained as all could be recovered in the unbound fractions. Of the total plasma PLTP mass, 35% was not retained. After elution with a low-pH buffer (0.1 M glycine, pH 2.5), no activity but 67% of the PLTP mass could be recovered in fractions 17-19. These mass recoveries were obtained using the denaturing SDS modification of our ELISA. If no denaturing SDS pretreatment of the samples was performed, almost no PLTP mass was measurable in the nonretained fractions. These results support the conclusion that our new ELISA measures both forms of plasma PLTP.
SDS-polyacrylamide gel electrophoresis of the two PLTP forms followed by Western blotting with the MAb JH66 revealed that under denaturing conditions, both forms of PLTP could be visualized (data not shown). These experiments indicate that MAb JH66 recognizes only the LA-PLTP form in human plasma, but after SDS denaturation, both forms are reactive with the antibody.
In addition, we treated plasma with 0.5% SDS for 30 min and thereafter diluted the plasma sample to 0.02% SDS concentration and applied it to a MAb JH66 immu- 5 . Distribution of HA-and LA-PLTP mass after HeparinSepharose affinity chromatography of human plasma. HeparinSepharose affinity chromatography of six plasma samples was performed as described in Materials and Methods. The distribution of PLTP mass (mean Ϯ SD) between the unbound (LA-PLTP) and bound (HA-PLTP) fractions was analyzed. All of the PLTP activity applied to the column was retained (activity recovery Ͼ95%) and could be eluted with 1 M NaCl.
by guest, on November 7, 2017 www.jlr.org Downloaded from noaffinity chromatography column. All of the PLTP protein was retained by the column, demonstrating again that after SDS pretreatment of plasma, all PLTP protein reacts with our MAb JH66.
Although size-exclusion, Heparin-Sepharose, and immunoaffinity chromatography methods facilitate the separation and quantitation of the two forms of PLTP, they are too cumbersome to be used in measurements of clinical samples. To overcome this problem, we have introduced a new method, dextran sulfate (DxSO 4 )-CaCl 2 precipitation, which has been used as a purification step for PLTP (5). Using our previous ELISA, it was evident that only trace amounts of PLTP protein could be measured in the DxSO 4 -CaCl 2 supernatant, which contained almost all of the PLTP activity, suggesting that most of the LA-PLTP protein was in the precipitate. This was also confirmed by Western blotting (data not shown). Therefore, we subjected plasma samples (n ϭ 8) to DxSO 4 -CaCl 2 precipitation and analyzed the supernatant for PLTP activity and mass with the new ELISA to determine whether this method could be used to separate HA-PLTP and LA-PLTP in plasma samples. After DxSO 4 -CaCl 2 precipitation of normolipidemic plasma, 84% of the PLTP activity and 37% of PLTP protein mass could be recovered in the supernatant fraction. This suggests that the 63% of PLTP mass precipitated by DxSO 4 -CaCl 2 represents LA-PLTP and that HA-PLTP is almost quantitatively recovered in the supernatant. The mass distribution obtained with this method is similar to that obtained by the three chromatographic methods, suggesting that DxSO 4 -CaCl 2 precipitation can be used as a rapid method to separate LA-and HA-PLTP when assaying a larger number of samples.
By subtracting the HA-PLTP mass measured in the DxSO 4 -CaCl 2 supernatant from total plasma PLTP mass, a good estimate of the mass of LA-PLTP is obtained. Having established the assay method, we analyzed the mass of HAand LA-PLTP from the serum of 80 randomly selected Finnish subjects, a subsample of the Health 2000 Health Examination Survey. The mean concentration of HA-PLTP protein was 1.87 Ϯ 0.85 mg/l (mean Ϯ SD), and the LA-PLTP in the precipitate represented 3.94 Ϯ 1.40 mg/l. Therefore, the mass distribution of the two forms of PLTP in serum was 32% HA-PLTP and 68% LA-PLTP. The average PLTP activity recovered in the supernatant after DxSO 4 -CaCl 2 precipitation represented 88% of the activity measured in serum before precipitation. The concentration of HA-PLTP from the DxSO 4 -CaCl 2 supernatant showed a stronger positive correlation with PLTP activity in serum (r ϭ 0.536, P Ͻ 0.01) than did total PLTP mass (r ϭ 0.345, P Ͻ 0.01), whereas the LA-PLTP mass did not correlate with PLTP activity (Fig. 7) .
DISCUSSION
In the present study, we report a novel, modified ELISA assay for PLTP mass determination. As suggested by Murdoch et al. (27) , the previously described assay preferentially detects LA-PLTP from human plasma and reacts poorly with HA-PLTP. In the present assay, a pretreatment of the primary calibrator, the secondary standard used, and the plasma specimens to be analyzed with SDS detergent partially denatures PLTP. This apparently increases the accessibility of epitopes on HA-PLTP, resulting in similar immunoreactivity of LA-PLTP and HA-PLTP in the ELISA assay. This development enables quantitation of the distribution of human PLTP protein between the LA and HA forms and thus provides a tool for detecting possible changes in distribution in clinical serum samples.
The present assay is based on calibration with human r-PLTP produced using a baculovirus/insect cell system and then purified by a simple protocol involving two affinity chromatography steps. The calibrator is easy to produce and purify under readily controllable conditions and therefore provides a highly reproducible calibration tool. This makes the assay applicable for wider use in laboratories investigating lipoprotein metabolism. The total PLTP concentration in serum samples obtained with the present assay (5.81 Ϯ 1.33 mg/l) is considerably lower than those reported previously with similar assays [15.6 Ϯ 5.1 mg/ml (24) and 12.0 Ϯ 3.0 mg/l (25)] but close to that reported using a different, competitive immunoassay (23) . The reason for the difference in PLTP mass values measured is obviously the fact that the calibrator that was previously used was from purified active plasma PLTP (24) or r-PLTP (25) . Therefore, in the absence of a denaturing treatment, these calibrators react poorly with the antibodies used in the assays. This results in low absorbance values obtained with the calibrators and, correspondingly, too high values are obtained for serum samples that contain abundant LA-PLTP. In the present assay, the denaturing treatment equalizes the immunoreactivity of the calibrator and the PLTP in serum samples, thus yielding more reliable PLTP mass values.
Why do the two forms of PLTP in plasma show different immunoreactivity? We have previously demonstrated by size-exclusion chromatography that LA-PLTP and HA- PLTP are associated with complexes of different size, LA-PLTP eluting at a position corresponding to 520 kDa and HA-PLTP at 160 kDa (28) . Furthermore, LA-PLTP is found associated with apoA-I, whereas HA-PLTP is not (29) , and active PLTP secreted by HepG2 hepatoma cells (resembling HA-PLTP in plasma) is found associated with apoE (40) . As suggested previously (27) , it is possible that PLTP adopts a different conformation when associated with particles of different size and surface curvature, which may lead to differential exposure of epitopes. On the other hand, interactions with other proteins and possibly lipids may result in masking of epitopes on the surface of PLTP. According to molecular modeling (33), the epitope for MAb JH66 should be exposed on the surface of PLTP. However, the model leaves open the possibility that the epitope may be hidden upon a change of conformation or upon interaction with a binding partner in the HA-PLTP complex. Partial denaturation by SDS most likely either disrupts interactions with protein or lipid partners, masking the epitope, and/or causes a conformational change, exposing the epitope.
As the present assay detects both forms of plasma PLTP, the only way to determine the mass of the individual LAand HA-PLTP fractions is by separating the two PLTP populations before mass determination. In the present study, we used four methods to accomplish this: size-exclusion chromatography, Heparin-Sepharose affinity chromatography, immunoaffinity chromatography using the monoclonal PLTP antibody JH66, and DxSO 4 -CaCl 2 precipitation. The results given by these four independent methods to separate the LA-and HA-PLTP are remarkably similar, suggesting that ‫%06ف‬ of plasma PLTP mass resides in the LA-PLTP fraction and 40% in the HA-PLTP fraction. Furthermore, when we applied the active fractions, as separated by the three chromatographic methods, to the non-SDS ELISA, we detected only negligible PLTP mass.
For the analysis of a large number of serum samples, DxSO 4 -CaCl 2 precipitation is the most suitable approach and is therefore the method of choice for clinical use. PLTP mass can be analyzed from the total serum sample and from the supernatant obtained after precipitation. The mass value obtained from the supernatant is a measure of HA-PLTP, which can then be subtracted from the total serum PLTP mass, yielding LA-PLTP mass. We fractionated 80 serum samples from randomly selected Finnish individuals by DxSO 4 -CaCl 2 precipitation and analyzed the concentrations of the LA and HA forms. The HA-PLTP mass measured from the DxSO 4 -CaCl 2 supernatant correlated more strongly with PLTP activity than the total PLTP mass, thus demonstrating successful separation of HA-PLTP from the LA form. The concentration of LA-PLTP as calculated from the DxSO 4 -CaCl 2 method did not correlate with serum PLTP activity, an observation that further illustrates the specificity of this method in the isolation of the two forms of PLTP. In addition, the mean specific activity of total PLTP from the 80 serum samples is 1.0 mol/g/h. Assuming that our DxSO 4 -CaCl 2 precipitation results in complete separation of HA-and LA-PLTP, the anticipated specific activity recovered in the supernatant would be ‫1.3ف‬ mol/g/h. Our observation that the PLTP present in the supernatant yields a specific activity of 2.6 mol/g/h, similar to that obtained for active PLTP secreted by HepG2 hepatoma cells (40) , suggests that the separation we achieved is close to optimal.
In conclusion, the development of a PLTP ELISA mass assay presented in this study allows not only for the accurate measurement of total PLTP protein concentration in plasma and/or serum samples but also for the determina- Fig. 7 . Correlation between PLTP activity and LA-and HA-PLTP mass. PLTP activity and mass (using the denaturing ELISA) were determined in sera collected from 80 randomly chosen Finns. Sera were precipitated with DxSO 4 -CaCl 2 as described in Materials and Methods. PLTP activity and mass in the supernatant were determined. The mass of LA-PLTP was calculated by subtracting the mass of HA-PLTP in the supernatant from total serum PLTP mass. A: Correlation between serum PLTP mass and activity (r ϭ 0.345, P Ͻ 0.01). B: Correlation between HA-PLTP mass and serum PLTP activity (r ϭ 0.536, P Ͻ 0.01). C: Correlation between LA-PLTP mass and serum PLTP activity (r ϭ 0.006, P ϭ NS).
tion of the distribution of PLTP between LA-PLTP and HA-PLTP. In view of that, this methodology will be extremely valuable for future analyses of both PLTP forms and subsequently for establishing the relationship that PLTP mass and activity have with associated lipoproteins, plasma factors, and lipid metabolism overall.
